Introduction
============

Bladder cancer is one of the most common malignancies in the urinary system and is the fourth most prevalent cancer in men and the eighth most prevalent cancer in women.[@b1-ott-11-1961],[@b2-ott-11-1961] Histologically, urothelial carcinoma (formerly known as transitional cell carcinoma) has been recognized as the most common pathological type of bladder cancer (\>90% of all bladder cancer); thus, the majority of the pathological types of bladder cancer are known as urothelial carcinoma.[@b3-ott-11-1961] Most patients (\>70%) have a superficial tumor (T~in\ situ~, T~a~, or T~1~ stage) at the initial diagnosis. However, other patients diagnosed with an invasive tumor (T~2--4~ stage) are more susceptible to tumor metastases and recurrence.[@b4-ott-11-1961],[@b5-ott-11-1961] In general, patients with invasive bladder cancer have a relatively low 5-year overall survival rate (\<40%),[@b1-ott-11-1961],[@b2-ott-11-1961],[@b6-ott-11-1961]--[@b8-ott-11-1961] but it reaches 77% in the USA (US cancer statistics review data, <https://seer.cancer.gov/statfacts/html/urinb.html>). Through the past several decades, the discovery of several novel molecular targets and cancer etiology could potentially benefit bladder cancer patients by improving prevention, early diagnosis, prediction of prognosis, or even treatment strategies,[@b9-ott-11-1961]--[@b18-ott-11-1961] but much more is needed to improve the overall survival of cancer patients. Therefore, it is meaningful to identify and evaluate reliable molecular prognostic markers and therapeutic targets for bladder cancer patients.

Fibrous sheath interacting protein 1 (*FSIP1*) is a recently identified gene, which is normally expressed in the testis but aberrantly expressed in different human cancers, including bladder cancer.[@b19-ott-11-1961]--[@b23-ott-11-1961] Previous studies have shown that FSIP1 was a potential target for breast cancer therapy since FSIP1 level was higher in tumor tissues than in normal breast tissues and FSIP1 overexpression was associated with poor prognosis.[@b21-ott-11-1961],[@b24-ott-11-1961] Recent research reports indicated that FSIP1 was able to regulate the chromosome segregation in cancer cells.[@b22-ott-11-1961],[@b25-ott-11-1961],[@b26-ott-11-1961] Moreover, FSIP1 was found to be a target for steroid receptor coactiva-tor-3, a gene associated with cancer and nuclear receptor co-activator.[@b27-ott-11-1961]--[@b29-ott-11-1961] Our published data revealed that FSIP1 protein was significantly upregulated in bladder cancer tissues, and it was associated with unfavorable clinicopathological features as well as poor survival of bladder cancer patients.[@b30-ott-11-1961] Thus, further investigation of FSIP1 involvement in bladder cancer could provide a novel insightful information for the role of FSIP1 in the regulation of bladder cancer biological behavior, such as tumorigenesis, progression, and therapeutic strategy.

In this study, we first assessed the level of FSIP1 expression in a panel of bladder cancer and normal bladder epithelial cell lines. Bladder cancer cells that are highly expressing FSIP1 were used for further FSIP1 knockdown using lentivirus carrying FSIP1 short hairpin RNA (shRNA). We then investigated the effect of FSIP1 knockdown on bladder cancer cell viability, colony formation, cell cycle distribution, apoptosis, and gene expression in vitro and in nude mouse xenografts. Our study is aimed to provide useful information regarding the role of FSIP1 in bladder cancer progression and to investigate whether FSIP1 is a potential target in bladder cancer.

Materials and methods
=====================

Cell lines and culture
----------------------

Bladder cancer 5637 and T24 cell lines and a human embryonic kidney HEK293T cell line were obtained from Cell Bank of Chinese Academy of Science (Shanghai, China), and the human uroepithelial cell line SV-HUC-1 was purchased from American Type Culture Collection (ATCC) (Manassas, VA, USA). These cell lines were cultured in Dulbecco's Modified Eagle's Medium (DMEM; Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10% fetal bovine serum (FBS; Thermo Fisher Scientific) in a humidified incubator with 5% CO~2~ at 37°C.

Design of vector and production of lentivirus carrying FSIP1 shRNA
------------------------------------------------------------------

We utilized the BLOCK-iT™ RNAi Designer Software (Thermo Fisher Scientific) to design FSIP1 shRNA using FSIP1 cDNA from Genbank (NM_152597 with targeting sequence of 5′-GCAGATGCAGAAACTCAAT-3′), whereas a randomly shRNA without any homology to FSIP1 was used as a negative control (5′-TTCTCCGAACGTGTCACGT-3′) (FSIP1-shNC). The oligonucleotides were then chemically synthesized by GeneChem (Shanghai, China). According to the manufacturer's instructions, the lentiviral vectors were constructed by cloning of these shRNA oligonucleotides into the pGCSIL-green fluorescent protein (GFP) (GeneChem). After DNA sequence confirmation, these vectors were transfected into HEK293T cells, together with the helper plasmids using Lipofectamine 2000 (Thermo Fisher Scientific). Lentiviral supernatants were then harvested 48 hours after gene transfection, and subsequently, the transfected HEK293T cells were centrifuged at the speed of 4,000× *g* with the temperature being controlled at 4°C for 10 minutes. The viral titer was measured by counting GFP-positive cell under fluorescence microscopy (Olympus Corporation, Tokyo, Japan) and then assayed for a multiplicity of infection (MOI) according to a standard protocol.

Infection of Lv-FSIP1-shRNA into T24 cells
------------------------------------------

T24 cells were seeded in six-well plates at a density of 3×10^5^ cells/well and incubated in a humidified incubator with 5% CO~2~ at 37°C for a day. The cells were then infected with Lv-FSIP1-shRNA (Group KF) or negative control lentivirus Lv-FSIP1-shNC (Group NC) at an MOI of 10 following our pre-experiment according to the manufacturer's viral infection protocol. The cells infected with an empty vector were regarded as the blank control group (Group BC). After 72 hours of infection, the infection efficiency was identified through the detection of percentage of GFP-positive cells. Five days later, cells were harvested and subjected to quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) and Western blot analysis of FSIP1 expression.

RNA isolation and qRT-PCR
-------------------------

Total RNA was isolated from cells using the TRIzol reagent (Thermo Fisher Scientific) and then reversely transcribed into cDNA using the High-Capacity cDNA Reverse Transcription Kit (Thermo Fisher Scientific) according to manufacturers' protocols. The resulted cDNA samples were subjected to qRT-PCR amplification in the 7500 RT-PCR System (Thermo Fisher Scientific) using the SYBR Green Real-Time PCR Assay Kit (Takara, Otsu, Japan). The qRT-PCR conditions were set to a predenaturation cycle at 95°C for 10 minutes followed by 45 cycles of denaturation at 95°C for 10 seconds and extension at 60°C for 30 seconds. The primer sequences of FSIP1 were 5′-GCTCAGGGGTAAACACAACC-3′ (forward) and 5′-GCTCAACCAGCCTTTTCTTC-3′ (reverse), while the primer sequences of β-actin were 5′-CATGTACGTTGCTATCCAGGC-3′ (forward) and 5′-CTCCTTAATGTCACGCACGAT-3′ (reverse). For each experiment, the Ct value was calculated with the relative expression level vs β-actin and analyzed using the 2^−ΔΔCt^ method. The experiments were conducted in triplicate and repeated at least once.

Western blotting
----------------

Cells were harvested 5 days after infection using the sodium dodecyl sulfate buffer, and total cellular protein was extracted using a protein extraction kit (ProMab, Richmond, CA, USA) and centrifuged at 20,000× *g* at 4°C for 10 minutes. The protein concentration was measured using a bicinchoninic acid assay kit (Santa Cruz Biotechnology Inc., Dallas, TX, USA). Subsequently, the protein lysate was added to sodium dodecylsulfate-polyacrylamide gel electrophoresis and then transferred onto polyvinylidene fluoride (PVDF) membranes (EMD Millipore, Billerica, MA, USA). For Western blotting, the membranes were blocked with 5% skimmed milk in Tris buffered saline Tween (TBST) at room temperature for 2 hours and then incubated with the primary antibody at 4°C overnight. On the next day, the membranes were washed with TBST briefly for three times and then further incubated with a horseradish peroxidase-conjugated secondary antibody (Santa Cruz Biotechnology Inc.) at a dilution of 1:1,000 at the room temperature for 1 hour. The primary antibodies rabbit anti-FSIP1 (1:500), anti-Bcl-2 (1:1,000), and anti-Bax (1:1,000) were purchased from Abcam (Cambridge, MA, USA) and anti-Cyclin D1 (1:1,000), anti-Cyclin B1 (1:1,000), anti-phospho-PI3K (1:1,000), anti-PI3K (1:1,000), anti-phospho-AKT (1:1,000), anti-AKT (1:1,000), and anti-cleaved-Caspase 3 (1:1,000) were obtained from Cell Signaling Technology (Beverly, MA, USA). To visualize the target protein band on the PVDF membrane, we applied a Pierce ECL Kit (Thermo Fisher Scientific) on it and the images were captured with the DNR Bio Imaging System (DNR, Jerusalem, Israel). β-Actin (Abcam) was used as a loading control at a dilution of 1:2,000.

Cell viability 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
---------------------------------------------------------------------------------------

The effect of FSIP1 shRNA on T24 cell viability was assessed using the MTT assay kit (Hoffman-La Roche Ltd., Basel, Switzerland). In brief, cells were grown and transduced with lentiviruses for 5 days and the cells were seeded at a density of 3×10^3^ cells/well in 96-well plates and incubated at 37°C for an additional 24, 48, or 72 hours. At the end of each experiment, the MTT reagent was added to cell culture at a final concentration of 5 mg/mL, and the cells were further incubated at 37°C for additional 4 hours. The supernatant in each well was then removed, and dimethyl sulfoxide was added to completely dissolve the MTT-formed crystals. The plates were measured using the microplate reader (BioTek, Winooski, VT, USA) at a wavelength of 490 nm. Each experiment was done in triplicate and repeated at least three times.

Tumor cell colony formation assay
---------------------------------

After lentiviral infection, cells were seeded into six-well plates at a density of 1×10^3^ cells/well and incubated at 37°C for 12 days. Subsequently, the plates were washed briefly with phosphate-buffered saline (PBS) and then fixed in 4% paraformaldehyde solution at the room temperature for 25 minutes. The cells were then stained with Giemsa solution (Tiangen Biotechnology, Beijing, China) for 20 minutes. The number of cell colonies (\>50 cells/colony) was counted under an inverted microscope (Olympus Corporation). Each experiment was done in duplicate and repeated at least three times.

Flow cytometric cell cycle distribution assay
---------------------------------------------

The cell cycle distribution was assayed using flow cytometry (FCM) after propidium iodide (PI) staining. In particular, cells were grown and infected with lentivirus for 5 days. T24 cells were then suspended at a density of 1×10^5^ cells/plate in PBS and fixed in ice-cold 70% ethanol at 4°C overnight. On the next day, the cells were washed with ice-cold PBS three times and then treated with the PI staining solution (50 µg/mL PI and 100 µg/mL RNase A; Sigma-Aldrich Co., St Louis, MO, USA) in the dark at the room temperature for 30 minutes. After that, the cell cycle distribution was detected using FCM (Becton Dickinson, San Jose, CA, USA) and analyzed using the proprietary software (Becton Dickinson). The experiment was performed in duplicate and repeated at least three times.

Flow cytometric apoptosis assay
-------------------------------

Apoptosis level was detected using FCM after staining with the Annexin V-fluorescein isothiocyanate (FITC) Apoptosis Kit (Thermo Fisher Scientific). Briefly, cells were grown and infected with lentivirus for 5 days and collected and washed with PBS. After that, the cells were resuspended in 100 µL of the binding buffer and treated with 5 µL of Annexin V-FITC (BD Biosciences, San Jose, CA, USA) and 5 µL of the PI solution in the dark at the room temperature for 15 minutes. The cells were measured using the FCM (BD Bioscience) for apoptosis rate. The experiment was performed in duplicate and repeated at least three times.

Animal experiments
------------------

The animal protocol of this study was approved by the Institutional Animal Care and Use Committee (IACUC) of Shengjing Hospital of China Medical University (Shenyang, China) and followed the regulatory animal care guidelines of the United States National Institute of Health (Bethesda, MD, USA). A total of 30 BALB/c nude mice with the age of 6 weeks were obtained from the Experimental Animal Center of China Medical University (Shenyang, China) and kept in the specific pathogen-free (SPF) condition with the temperature being controlled.

For animal experiments, T24 cells were grown and infected with Lv-FSIP1-shRNA, Lv-FSIP1-shNC, or empty vector for 5 days and then harvested and suspended in serum-free DMEM. The BALB/c nude mice were randomly assigned to Group BC, Group NC, and Group KF and subcutaneously injected on the dorsum region with these T24 cells (1×10^6^ cells in 200 µL). The mice were kept in cages, and the diameter of the tumor cell xenografts was measured for the length (*L*) and width (*W*) weekly for 5 weeks. The xenograft volume and size were calculated using the following formula: volume (mm^3^) =0.5×(*L*×*W*^2^). At the end of animal experiments, the mice were sacrificed using CO~2~ and cervical dislocation and tumor cell xenografts were resected for the measurement of weight and other analysis.

Immunohistochemistry (IHC)
--------------------------

Tumor cell xenografts were fixed in 4% paraformaldehyde and tissue processing and then embedded in paraffin. For IHC, the tumor cell xenograft paraffin blocks were sectioned into 4 µm thick sections, which were deparaffinized in xylene and rehydrated in series of ethanol solutions. The sections were subjected to antigen retrieval by placing the sections into 0.1 M sodium citrate buffer (pH 6.0) and cooking in a high-pressure cooker for 10 minutes. The sections were left to cool down for 20 minutes and then rinsed in PBS. Next, the sections were incubated in 3% hydrogen peroxide in methanol for 10 minutes to inactivate potential endogenous peroxidase activity. After washing with tap water and PBS, the sections were incubated in 20% normal serum to block any nonspecific binding of the secondary antibody and further with the primary anti-FSIP1 antibody (Santa Cruz Biotechnology Inc.) at a dilution of 1:200 at 4°C overnight. On the next day, the sections were washed with PBS for three times followed by incubation with the secondary antibody for 1 hour at the room temperature and then with the SP staining kit (MaiXin, Fuzhou, China) according to manufacturer's protocol. The color was developed using a diaminobenzidine kit (MaiXin). The sections were also counterstained with the hematoxylin solution and, then, mounted with a coverslip in a mounting medium (Thermo Shandon, Pittsburgh, PA, USA). The sections were reviewed and scored under a light microscope (Olympus Corporation), and cell membrane or cytoplasmic staining was considered to be immunostaining positive.

Statistical analysis
--------------------

The data were summarized as mean ± standard deviation (SD) and statistically analyzed using the SPSS 19.0 software (IBM Corporation, Armonk, NY, USA). The differences among the experimental groups were statistically calculated using Student's *t*-test. A *P*-value of \<0.05 was considered as statistically significant.

Ethical standards
-----------------

This study was approved by the Ethics Committee of Shengjing Hospital, China Medical University.

Results
=======

Expression levels of FSIP1 protein in bladder cancer and normal bladder epithelial cells
----------------------------------------------------------------------------------------

Levels of FSIP1 expression in bladder cancer and normal bladder epithelial cells were assessed using Western blotting. As shown in [Figure 1A and B](#f1-ott-11-1961){ref-type="fig"}, FSIP1 protein was highly expressed in bladder cancer cell lines, whereas the normal cells expressed very low levels of FSIP1 protein (*P*\<0.05).

Lentivirus-mediated knockdown of FSIP1 expression in bladder cancer T24 cells
-----------------------------------------------------------------------------

To assess the role of FSIP1 in bladder cancer, we infected T24 cells with lentiviruses carrying FSIP1 or negative control shRNA. The fluorescence microscopy showed that the lentivirus transduction was successfully performed in T24 cells with a transduction rate of \>70% ([Figure 1C](#f1-ott-11-1961){ref-type="fig"}). We then measured FSIP expression in these infected T24 cells and found that 120 hours after infection, levels of FSIP1 mRNA and protein were significantly decreased in Group KF than in Group NC or in Group BC ([Figure 1D and E](#f1-ott-11-1961){ref-type="fig"}).

Reduction of bladder cancer cell proliferation after FSIP1 knockdown
--------------------------------------------------------------------

The MTT assay was used to detect the effect of FSIP1 knockdown on the regulation of bladder cancer cell proliferation. As shown in [Figure 2A](#f2-ott-11-1961){ref-type="fig"}, the viability of T24 cells transduced with Lv-FSIP1-shRNA for 48 and 72 hours was clearly reduced compared with that of either Group BC or Group NC (*P*\<0.05). Nevertheless, there was no significant difference between Group BC and Group NC (*P*\>0.05). This finding revealed that the proliferation capacity of T24 cells was reduced significantly after FSIP1 expression was suppressed. To further confirm this finding, we assessed the effect of FSIP1 knockdown on the cell growth of bladder cancer cells using the colony formation assay. Our results showed that the number of colonies in Group KF was declined significantly compared with that of either Group BC or Group NC (*P*\<0.05; [Figure 2B and C](#f2-ott-11-1961){ref-type="fig"}).

Induction of bladder cancer cell cycle arrest at G~0~/G~1~ phase after FSIP1 knockdown
--------------------------------------------------------------------------------------

Using PI staining-flow cytometric assay, our results showed that the S phase of the cell cycle was significantly reduced in T24 cells that were infected with Lv-FSIP1-shRNA vs Group BC or Group NC (15.49±2.23 vs 38.12±4.12 or 36.73±3.84, *P*\<0.05; [Figure 3A](#f3-ott-11-1961){ref-type="fig"}). Compared with Group BC or Group NC, the percentage of G~0~/G~1~-phased cells in Group KF was significantly increased from 50.34±5.89 or 51.06±5.93 to 71.07±6.94 (*P*\<0.05; [Figure 3A](#f3-ott-11-1961){ref-type="fig"}). These results indicate that FSIP1-shRNA tumor cells were arrested at the G~0~/G~1~ phase of the cell cycle ([Figure 3B](#f3-ott-11-1961){ref-type="fig"}). However, there was no significant difference in G~2~/M phase among these three different groups (*P*\>0.05; [Figure 3A and B](#f3-ott-11-1961){ref-type="fig"}). Compared with Group BC and Group NC, levels of Cyclin D1 and Cyclin B1 expressions, the key regulators of the cell cycle progression, were significantly reduced after knockdown of FSIP1 expression in T24 cells ([Figure 2D](#f2-ott-11-1961){ref-type="fig"}).

Induction of bladder cancer cell apoptosis after FSIP1 knockdown
----------------------------------------------------------------

The FCM and FITC-labeled Annexin V/PI double staining assay showed that the T24 cell apoptotic rate after 120 hours infection in Group KF was 54.45%±6.36%, which was much higher than that of either Group BC or Group NC (10.63±3.78 or 11.96%±4.28%, *P*\<0.05; [Figure 3C and D](#f3-ott-11-1961){ref-type="fig"}). However, there was no notable difference in apoptosis between Group BC and Group NC (*P*\>0.05; [Figure 3C](#f3-ott-11-1961){ref-type="fig"}).

Inhibition of T24 cell tumorigenesis after FSIP1 knockdown in vivo
------------------------------------------------------------------

Next, we investigated the effect of FSIP1 shRNA on the suppression of T24 cell tumorigenesis in nude mice xenograft model. After 35 days of tumor cell inoculation, the mean volume of tumor xenografts was markedly smaller in Group KF than in Group BC or in Group NC (*P*\<0.05; [Figure 4A and D](#f4-ott-11-1961){ref-type="fig"}) and the average tumor weight was also lighter in Group KF than in both Group BC and Group NC (*P*\<0.05; [Figure 4A and E](#f4-ott-11-1961){ref-type="fig"}). Nevertheless, there was no statistical difference in tumor weight and tumor volume between Group BC and Group NC (*P*\>0.05; [Figure 4D and E](#f4-ott-11-1961){ref-type="fig"}).

Moreover, we assessed FSIP1 expression in tumor xenografts using IHC and Western blot and found that there was a notable decrease in FSIP1 expression level in Group KF than in both Group BC and Group NC (*P*\<0.05; [Figure 4B and C](#f4-ott-11-1961){ref-type="fig"}).

Reduction of PI3K/AKT signaling pathway activation in bladder cancer cells after FSIP1 knockdown
------------------------------------------------------------------------------------------------

Thus far, we demonstrated that knockdown of FSIP1 expression in bladder cancer T24 cells significantly reduced tumor cell viability in vitro and tumorigenesis in vivo. We next explored the underlying molecular events by investigating whether FSIP1 alters the activity of the PI3K/AKT pathway. Our data showed that although the total PI3K and AKT proteins remained intact upon knockdown of FSIP1 expression, the phosphorylated PI3K and AKT levels were downregulated in Group KF compared with Group BC and Group NC ([Figure 2D](#f2-ott-11-1961){ref-type="fig"}). Expression of Bcl-2 protein was also significantly reduced, whereas the levels of Bax and cleaved Caspase-3 proteins were increased in Group KF compared with Group BC and Group NC ([Figure 2D](#f2-ott-11-1961){ref-type="fig"}). This finding suggests that the PI3K/AKT pathway is possibly mediating the effect of FSIP1 in T24 cells; however, further investigation is required to mechanistically prove this finding.

Discussion
==========

In the current study, we first analyzed FSIP1 expression in bladder cancer and normal bladder epithelial cells and selected T24 cells for FSIP1 knockdown using lentivirus carrying FSIP1 shRNA. We found that FSIP1 protein was highly expressed in bladder cancer cells and that FSIP1 shRNA effectively knocked down FSIP1 expression in T24 cells. We also found that knockdown of FSIP1 expression reduced cell viability and induced apoptosis in bladder cancer cells. Moreover, knockdown of FSIP1 expression suppressed T24 cell tumorigenesis in nude mice. At the gene level, knockdown of FSIP1 expression reduced the activity of the PI3K/AKT signaling pathway. Our current study indicates that FSIP1 plays an important role in bladder cancer development and progression. FSIP1 might be a novel biomarker and have a potential therapeutic strategy for bladder cancer.

Indeed, lentiviral vector-carrying shRNA is a well-established technique that has been used as a useful tool to silence gene expression in mammalian cells and is considered as a promising therapeutic strategy for curing various human malignancies.[@b31-ott-11-1961]--[@b33-ott-11-1961] In our study, we applied this technique to assess the effect of FSIP1 knockdown on the progression of bladder cancer.

FSIP1 is a part of the microtubule- and dynein-rich fibrous sheath and is necessary for flagellum function and sperm movement.[@b19-ott-11-1961],[@b25-ott-11-1961] Moreover, FSIP1 overexpression was found to induce cancer cell mitotic errors.[@b25-ott-11-1961] Indeed, previous studies have shown that FSIP1 was overexpressed in non-small-cell lung carcinoma,[@b23-ott-11-1961] breast cancer,[@b21-ott-11-1961] and bladder cancer[@b30-ott-11-1961] and its overexpression was associated with poor survival in patients carrying these tumors. Thus, FSIP1 is considered to be an oncogene in these cancers. In the current study, we assessed the effect of FSIP1 protein knockdown on the regulation of bladder cancer T24 cell biological behavior. Our results showed that knockdown of FSIP1 expression reduced bladder cancer cell viability and induced apoptosis in vitro. Knockdown of FSIP1 expression suppressed T24 cell tumorigenesis in nude mice. Our current data suggest that FSIP1 is a putative oncogene and as a valid target for therapeutic intervention in bladder cancer.

In tumor biology research, the abnormal cell proliferation and apoptosis play an important role in tumorigenesis and cancer progression and have been considered as useful targets for diagnosis and prognosis and therapy strategies.[@b34-ott-11-1961],[@b35-ott-11-1961] To date, there is no study that has demonstrated the role of FSIP1 in apoptosis in bladder cancer cells. Our current study showed that knockdown of FSIP1 expression induced bladder cells to undergo apoptosis in vitro and in nude mice, suggesting that overexpression of FSIP1 in bladder cancer or other human cancers could promote cancer progression. Knockdown of FSIP1 bladder cancer cells resulted in cell growth arrest at G~0~/G~1~ phase suggesting the regulatory role of FSIP1 in bladder cancer growth and proliferation. To explore the potential molecular mechanism underlying the G~0~/G~1~ phase arrest, we assessed the expression of cell cycle-regulatory proteins, such as Cyclin D1 and Cyclin B1. We found that downregulation of FSIP1 expression resulted in a marked decrease in Cyclin D1 and Cyclin B1 expressions, suggesting that FSIP1 might promote cell cycle checkpoint transitions in bladder cancer cells. These data demonstrated that FSIP1 regulated cell cycle progression and participated in tumor malignant progression by promoting cell proliferation.

Furthermore, the possible mechanisms by which FSIP1 affects bladder cancer cells have also been investigated in our current study. Our data suggest that the levels of PI3K and AKT phosphorylation were decreased after knockdown of FSIP1 expression. In fact, the PI3K/AKT pathway is a key regulator of various cell processes, including cell proliferation, differentiation, and apoptosis. Altered expression and activity of PI3K/AKT pathway components contribute to tumor formation.[@b36-ott-11-1961]--[@b38-ott-11-1961] In various types of human cancers, the dysregulated expression or activity of AKT phosphorylation was considered as an important factor in antiapoptotic mechanism. In our current study, we also found that knockdown of FSIP1 expression inhibited levels of p-PI3K and p-AKT in T24 cells. Subsequently, level of Bcl-2 was reduced and Bax and cleavage of caspase-3 were induced, all of which indicate that knockdown of FSIP1 expression induced tumor cell apoptosis via the inactivation of the PI3K/AKT pathway; however, further study is needed to confirm whether knockdown or specific inhibitors of PI3K/p-AKT pathway genes can abolish apoptosis in this experimental setting. As we know, Bcl2 is an antiapoptotic protein and members of this family of proteins have vital regulatory effect in altering cell apoptosis.[@b39-ott-11-1961] In contrast, Bax is a proapoptotic protein and Caspase-3 activation is an important marker of cell apoptosis.[@b40-ott-11-1961]

Conclusion
==========

Our current study was just a proof-of-principle to demonstrate that FSIP1 was highly expressed in bladder cancer cells and that knockdown of FSIP1 significantly decreased tumor cell proliferation and induced apoptosis in vitro. Knockdown of FSIP1 expression also suppressed formation and growth of bladder cancer cell xenografts in nude mice. Our data suggest that knockdown of FSIP1 also inhibited activation of the PI3K/AKT pathway. FSIP1 stimulates the PI3K/AKT signaling to promote tumor growth and inhibit tumor cell apoptosis. Future investigation will be performed to assess therapeutic potential using this lentivirus carrying FSIP1 shRNA in bladder cancer.
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![Expression and knockdown of FSIP1 protein in bladder cancer cells.\
**Notes:** (**A**) Bladder cancer T24 and 5637 cell lines and a normal bladder epithelial SV-HUC-1 cell line were grown and subjected to Western blot analysis to measure FSIP1 protein expression. (**B**) Quantitation of FSIP1 protein expression in (**A**). FSIP1 expression was higher in T24 cells than in 5637 and SV-HUC-1 cells (\**P*\<0.05). (**C**) Lentiviral infection of T24 cells. The representative images of T24 cells infected with lentiviruses carrying an empty vector (Group BC), Lv-FSIP1-shNC (Group NC), or Lv-FSIP1-shRNA (Group KF). (**D**) T24 cells were grown and infected with lentiviruses for 5 days and subjected to Western blot analysis to measure FSIP1 protein expression. (**E**) The duplicated lentivirus-infected cells were subjected to qRT-PCR analysis of FSIP1 mRNA levels. The β-actin was used as the internal control. Group BC: cells infected with lentiviruses carrying an empty vector; Group NC: cells infected with Lv-FSIP1-shNC; and Group KF: cells infected with Lv-FSIP1-shRNA. \**P*\<0.05, Group KF vs Group BC or Group NC.\
**Abbreviations:** GFP, green fluorescent protein; qRT-PCR, quantitative reverse transcriptase polymerase chain reaction.](ott-11-1961Fig1){#f1-ott-11-1961}

![Effect of FSIP1 knockdown on the regulation of T24 cell viability, colony formation, and gene expression.\
**Notes:** (**A**) T24 cells were grown and infected with lentiviruses for 5 days and subjected to the cell viability MTT assay. \**P*\<0.05, Group KF vs Group BC or Group NC. (**B**) T24 cells were grown and infected with lentiviruses for 5 days and subjected to colony formation assay. (**C**) Quantified data of (**B**). \**P*\<0.05, Group KF vs Group BC or Group NC. (**D**) T24 cells were grown and infected with lentiviruses for 5 days and subjected to Western blot analysis of gene expression. Group BC: cells infected with lentiviruses carrying an empty vector; Group NC: cells infected with Lv-FSIP1-shNC; and Group KF: cells infected with Lv-FSIP1-shRNA.\
**Abbreviation:** MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.](ott-11-1961Fig2){#f2-ott-11-1961}

![Effect of FSIP1 silencing on the regulation of T24 cell cycle distribution and apoptosis in vitro.\
**Notes:** (**A**) T24 cells were grown and infected with lentiviruses for 120 hours and subjected to cell cycle analysis using flow cytometric cell cycle assay. Knockdown of FSIP1 expression decreased the S phase and increased G~0~/G~1~ phase of T24 cells. (**B**) Quantified data of (**A**). \**P*\<0.05, Group KF vs Group BC or Group NC. (**C**) T24 cells were grown and infected with lentiviruses for 120 hours and subjected to apoptosis assay using flow cytometric cell apoptosis assay. (**D**) Quantified data of (**C**). The results show that knockdown of FSIP1 increased apoptosis rate. Group BC: cells infected with lentiviruses carrying an empty vector; Group NC: cells infected with Lv-FSIP1-shNC; and Group KF: cells infected with Lv-FSIP1-shRNA. \**P*\<0.05, Group KF vs Group BC or Group NC.\
**Abbreviation:** PI, propidium iodide.](ott-11-1961Fig3){#f3-ott-11-1961}

![Effect of FSIP1 silencing on tumorigenesis in vivo.\
**Notes:** (**A**) T24 cells were grown and infected with lentiviruses for 5 days and subjected to the nude mouse tumor cell xenograft assay. After 35 days, at the end of experiments, mice were sacrificed and tumor xenografts were taken out and photographed. (**B**) T24 cell xenografts were resected from the mice and subjected to protein extraction and Western blot analysis to measure FSIP1 protein expression. (**C**) T24 tumor cell xenografts were subjected to tissue processing, paraffin-embedding, and immunostaining of FSIP1 expression. Scale: 100 µm; ×200 magnifications. (**D**) Growth curves of T24 cell xenografts. \**P*\<0.05, Group KF vs Group BC or Group NC. (**E**) Tumor weight of T24 cell xenografts at the end of experiments (35 days after tumor cell inoculation). Group BC: cells infected with lentiviruses carrying an empty vector; Group NC: cells infected with Lv-FSIP1-shNC; and Group KF: cells infected with Lv-FSIP1-shRNA. \**P*\<0.05, Group KF vs Group BC or Group NC.](ott-11-1961Fig4){#f4-ott-11-1961}
